The presence of capsular material on cells of Pasteurella multocida types A and D was determined by transmission electron microscopy after polycationic ferritin labeling. The capsule of agar-grown isolates of P. multocida type A was thick (70 to 90 nm) and regular, whereas that of type D isolates was thinner (20 to 30 nm) and irregular. Such layers were seen on cells from 4-to 6-h broth cultures, but cells from older cultures (12 to 18 h) had very little cell-associated capsular material. Our data indicate that the capsular material of P. multocida types A and D is morphologically different and that capsule production in broth culture is maximal during early log phase.
Isolates of Pasteurella multocida are serotyped by an indirect hemagglutination test based on capsular antigens or by a gel diffusion precipitin test based on somatic ("O") antigens (4) . The capsular material of P. multocida is composed of carbohydrate; the capsular type A consists largely of hyaluronic acid, while the precise nature of capsular type D has not been fully described (5) . Aside from the work of Pyliotis and Mukkur (15) with a type A strain, extracellular components of P. multocida have not been studied extensively. P. multocida types A and D are involved in porcine atrophic rhinitis (17) . As part of our work dealing with the characterization of P. multocida adhesins, we examined the capsular morphology of several isolates by electron microscopy and determined the kinetics of its production.
Danon et al. (9) described a technique for the electrostatic binding of a derivative of ferritin to anionic sites on cell surface. This marker is particularly useful because of its diameter (10 nm) and its distinctive appearance (10) . Polycationic ferritin has previously been used to visualize the capsular material of many microorganisms such as Klebsiella sp. (18) , Neisseria gonorrhoeae (12), Candida albicans (14) , and Pasteurella haemolytica (11) . The purpose of the present study was to visualize the capsular material of P. multocida types A and D, labeled with polycationic ferritin.
MATERIALS AND METHODS
Bacterial isolates and growth conditions. Twenty-seven isolates of P. multocida were examined in this study. Refer Bacteria were grown in tryptic soy broth (Difco Laboratories, Detroit, Mich.) at 37°C for 18 h before growth on blood agar (tryptic soy agar containing 5% calf blood) for 18 to 24 h or transfer into fresh tryptic soy broth (containing none or 5% calf blood) for 2 to 24 h. Broth cultures were incubated as stationary cultures or in an Orbit environshaker (100 rpm; Lab-Line Instruments, Inc., Melrose Park, Ill.) at 37°C.
Preparation for transmission electron microscopy. Bacteria were harvested, washed once with phosphate-buffered saline (0.01 M, pH 7.2), and either suspended in cacodylate buffer (0.1 M, pH 7.0) containing 5% glutaraldehyde and 0.15% (wt/vol) ruthenium red or stabilized with whole-cell homologous antiserum before fixation as described by Mackie et al. (13) . Fixation was carried out for 2 h at 20°C. Controls without antibody stabilization and without ruthenium red staining were processed simultaneously.
Fixed bacteria were suspended in cacodylate buffer and allowed to react with the polycationic ferritin (final concentration, 1.0 mglml; Sigma Chemical Co., St. Louis, Mo.) for 30 min at 20°C (18) . The reaction was stopped by 10-fold dilution, and the organisms were centrifuged and washed three times in cacodylate buffer.
Bacteria were then immobilized in 4% agar, washed five times in cacodylate buffer, and postfixed with 2% osmium tetroxide for 2 h. Washings were repeated as described above, and the samples were dehydrated through a series of acetone washes. After dehydration in propylene oxide, samples were embedded in Spurr low-viscosity embedding resin. Thin sections were stained with uranyl acetate and lead citrate (16) material was stabilized with specific antibodies (Fig. 1B) .
Collapse cannot be avoided completely by treating the cells with antibodies, as seen by the formation of thick strands. Capsular material of bacteria treated with preimmune serum was not stabilized.
After treatment with polycationic ferritin, the agar-grown cells of P. multocida type A were covered with a dense layer of ferritin granules (Fig. 1C) . The labeled capsular material surrounded the cell completely and extended 70 to 90 nm from the external surface of the outer membrane. Cells of P. multocida type D grown and treated in similar conditions exhibited a thin, irregular layer of ferritin granules of approximately 20 to 30 nm (Fig. 1D ).
When cells of both capsular types were grown in stationary and agitated broth cultures, the amount of capsular material varied according to the age of the culture (Table 1) . Capsules appeared to be thickest, and were similar in size to those from agar-grown cells, at early log phase (4 to 6 h). There was much less capsular material on cells after 6 to 12 h of growth and the material was almost absent on cells grown for 18 to 24 h. Results were identical when the culture medium was supplemented with blood.
To confirm that the layers of capsular material observed on the reference strains were not strain specific but characteristic of a given capsular type, we examined 25 fresh porcine isolates (10 of The average thickness of the type A capsular layer was 65 nm (ranging from 50 to 100 nm), and that of the type D capsule was 20 nm (ranging from 10 to 30 nm).
DISCUSSION
Bacterial capsules are poorly preserved in electron microscopy because of their chemical properties (6, 8) . They are composed of highly hydrated polymers, usually polysaccharides, which can collapse during dehydration. Stabilization of the capsule has been achieved by pretreatment of cells with anticapsule antibodies (1) or with lectins (2).
P. multocida isolates can be divided into four groups according to the antigenicity of the capsular polysaccharides The capsular material of P. multocida was incompletely stabilized during processing for electron microscopy when cells were treated with antibodies. The partial stabilization may be due to an antibody concentration insufficient for complete stabilization. This phenomenon has also been observed with Staphylococcus aureus Wiley strain (3). It is known that difficulty is frequently experienced in obtaining antisera of sufficient titer for serotyping (4) . The capsular material of P. multocida was best observed after polycationic ferritin labeling, suggesting that it might be rich in acidic polysaccharides (10) . This compound has already been used to visualize other several polysaccharide-rich capsular materials (11, 12, 14, 18) .
The largest amount of capsular material was seen around cells grown overnight on blood agar and on cells grown for a few hours in broth culture. This material appeared to be readily released when organisms were grown in broth culture. Our data indicate that, to obtain capsular material in the quantities required for chemical analysis or immunization studies, young broth cultures or growth from solid medium should be used. A similar observation was made by Corstvet et al. (7) in their work with P. haemolytica serotype 1. Our results indicate that cytochemical labeling with polycationic ferritin offers a simple approach to the visualization of capsular material of P. multocida with the electron microscope. More specific information about the nature of capsular carbohydrates may be obtained by using lectins complexed to an electron-dense marker, which is a method for localizing specific sugar residues at the ultrastructural level.
